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SYSTEM AND METHOD FOR 
RESIDENTIAL EMISSIONS TRADING 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] The present invention relates to, and is entitled to the benefit of the 
earlier filing date and priority of, U.S. Provisional Application Serial No. 
60/342,853. filed December 28, 2001, entitled "System and Method for 
Residential Emissions Trading," which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[00021 The present invention relates to a method of residential emissions 
trading and a residential emissions trading commodity. In particular, the 
present invention is directed to a method of identifying, quantifying, and 
aggregating reductions in residential emissions into a form In which they can 
be traded for consideration. The present invention further comprises a 
method for measuring, monitoring, and verifying residential energy savings 
and the resulting emissions reductions. Energy savings are quantified and 
aggregated to produce a commodity that may be traded in any suitable 
program, facility, or transaction. 

BACKGROUND OF THE INVENTION 

[0003] Various systems and programs for quantifying and trading 
emissions credits have evolved in response to environmental legislation 
and/or regulations in the United States. For example, the "bubble concepf of 
treating an entire industrial complex as a single source, with a single 
allowable emission rate, was advanced by the U.S. steel industry in the late 
1970s. This approach let companies choose the most cost-effective mix of 
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controls to achieve the overall environmental goal for the facility. In contrast, 
the prevailing regulatory framework at that time Imposed individual emission 
limits on each source within the complex. The U.S. Environmental Protection 
Agency (EPA) later adopted such a "bubble policy" for air emissions, 

[0004] The intra-plant bubble concept thereafter evolved to allow for 
trading of emissions credits between companies. Pursuant to the Clean Air 
Act of 1970, EPA, in December 1976, published an interpretive ruling that 
allowed new source construction Jn areas that were not in attainment with 
national ambient air quality standards only if a new source obtained emission 
reduction "offsets" that exceeded the emission increases from the new 
construction. EPA's interpretive ruling expressly allowed owners of new 
sources to obtain these offsets from other companies that operated facilities 
located in the same air quality control region. EPA adopted regulations 
codifying the emissions offset requirement subsequent to the Clean Air Act 
Amendments of 1977. To implement the emissions offeet requirement, many 
states have developed regulations allowing sources to register their emissions 
reductions as "emission reduction credits" that can be sold to companies 
required to offset emissions from new of modified sources. Brokerage 
companies typically handled sales between companies having surplus 
emission reduction credits and those wanting to acquire sucli credits. 

[0005] In 1990, the Clean Air Act Amendments formally legislated emission 
trading. For the EPA Acid Rain Program, the Chicago Board of Trade has, 
since 1998, administered ah annual auction of sulfur'di63dde (SO2) allowances 
from private allowance holders (utilities or brokers) to regulated companies, 
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brokers, environmental groups, and the general public. Beginning in 1999, 
the EPA Ozone Transport Commission NOx Budget Program allowed trading 
in nitrogen oxides (NOx) credits in a group of U.S. states, to reduce summer 
smog. 

[0006] Other domestic emissions credit programs have been proposed or 
implemented on a state or regional level. The RECLAIM Program (Regional 
Clean Air Incentives IVIarket) applies to stationary sources in southern 
California and is administered by the South Coast Air Quality Management 
District (SCAQMD). Trading of RECLAIM Trading Credits (RTCs) in sulfur 
oxides (SOx) and NOx began in 1994 in an effort to reduce the area's severe 
smog. If emissions are below the permitted limit, the excess RTCs may be 
sold to others. 

[0007] California's SCAQMD program provides altemate methods of 
compliance with local emissions reduction regulations. For example, in 1997, 
the SCAQMD promulgated Rule 2506, which established a voluntary program 
that encourages replacement of old, higher-emitting equipment not subject to 
state permitting or registration requirements (area sources) with lower- 
polluting technology. The Rule 2506 program generates emissions credits 
termed Area Source Credits (ASCs). 

[0008] The PERT Project (Pilot Emission Reduction Trading). In Ontario, 
Canada began in 1996 and comprises members from industry, government, 
and public interest organizations. Under PERT, Emission Reduction Credits 
(ERCs) are created when the pollution source reduces emissions below its 
actual level or regulated level. ERCs may be used by the source to meet 
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current or future emissions caps, or may be sold. ERCs may be SO2. NOx, 
CO2, greenhouse gases (GHG) or other contaminants, 

[0009] Emission trading is also contemplated on an international level. 
The 1997 Kyoto Protocol, an agreement pursuant to the United Nations 
Framework Convention on Climate Change, provides for "bubbles" or the 
pooling of obligations within groups of countries, e.g., the European Union, for 
GHG. Other proposals under the Kyoto Protocol include (ntemational trading 
of emissions among certain countries, and credit for joint projects 
implemented in certain countries. A number of countries have ratified the 
Kyoto Protocol. 

[0010] The various schemes described above provide substantial 
incentives for certain sources of pollution, such as utilities and industrial 
plants, to reduce their emissions. Notably lacking in these schemes, 
however, are programs for capturing the benefits of potential energy .efficiency 
measures and the resulting emissions reductions by residential consumers. 

[0011] Theoretically, residential emission reductions could be recognized 
under a variety of emissions trading programs. However, four hurdles have 
historically kept reductions from residential housing sources off the mari<et 

1. Residential emission savings are generated in very small 
quantities relative to those sought by the market; 

2. Residential emission savings are not yet fully recognized 
by prior known regulatory regimes; 



Doc. 605222A^ei8ion 4 



4 



wo 03/058386 PCT/US02/40371 

3. Residential emission savings are generated by many, 
many homeowners with no means or incentive for collective 
action; and 

4. Transaction costs - those associated with quantifying, 
certifying, marketing, selling, and transfening the reductions - 
have been prohibitive. 

[0012] Residential housing units account for approximately one-fifth of 
GHG emissions in tiie U.S. Building more efficient homes, retrofitting existing 
ones, and/or making other structural and fuel changes can dramatically 
decrease the amount of energy used. Energy efficiency improvements are 
made to residential units in some instances in response to energy company 
demand-side management programs, consumer upgrades, and/or builder 
incentives. Yet, the energy savings from a simple individual home has a non- 
measurable impact at electricity generation plants. The aggregate impact of 
energy efficiency upgrades to thousands of homes, however, could have a 
significant impact, such as reductions in peak load. 

[0013] These decreases in energy consumption naturally lead to a 
reduction in air pollutant emissions (/.e.. criteria pollutants and GHG). Otiier 
measures, such as switching to low-VOC paints, paving driveways, and 
improving home design, can also have significant impacts on air pollution. 
Alttiough tfie air quality impact of a single energy efficient home is relatively 
small, the result can be quite dramatic when the emissions reductions from 
large numbers of homes are aggregated together. When the individual 
residential energy savings are aggregated in sufficient volumes, embodiments 
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of the present invention contemplate that the aggregation will represent a 
significant tradable commodity in existing and future emissions trading 
markets. 

[0014] Embodiments of the present invention have many potential benefits 
and advantages. Eneigy coste are typically the second largest cost for 
homeowners. A program that provides Incentives to invest In energy 
efficiency will save the homeowner money. It has been estimated, for 
example, that an efficient house can save 30% on annual energy bills. In 
addition, embodiments of the present invention may create a valuable new 
commodity and decrease the cost of energy efficiency. Embodiments of the 
present invention may reduce the amount of air pollution associated with 
housing: an energy efficient house may save 2-3 tons of CO2 per year and 3- 
5 lbs. of NOx per year. 

[0015] It is therefore an advantage of some, but not necessarily all, 
embodiments of the present invention to provide a method for trading 
residential emissions. 

[0016] It is another advantage of embodiments of the present invention to 
provide a residential emissions trading commodity. 

[0017] It is another advantage of embodiments of the present invention to 
identify energy savings opportunities in residential properties. 

[0018] It is yet another advantage of embodiments of the present 
invention to provide a method for converting an aggregate of residential 
emissions reductions into a tradable commodity that can be marketed. 
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[0019] Additional advantages of the invention are set forth, in part, in the 
description that follows and, in part, will be apparent to onie of ordinary skill in 
the art from the description and/or from the practice of the invention. 

SUMMARY OF THE INVENTION 

[0020] In response to the foregoing challenges, Applicants have developed 
an innovative method for trading residential emissions credits, comprising the 
steps of: identifying an energy savings opportunity In a residential property; 
quantifying an emissions reduction produced by the energy savings 
opportunity; and aggregating the emissions reductions into a tradable 
commodity. 

[0021] The step of aggregating the emissions reductions into a tradable 
commodity may further comprise the step of converting the emissions 
reductions into at least one tradable credit 

[0022] The step of quantifying an emissions reduction produced by the 
energy savings opportunity may llirther comprise the steps of: measuring an 
energy savings resulting from the energy savings opportunity; and calculating 
an emissions reduction resulting from the energy savings. The step of 
measuring an energy savings resulting from the energy savings opportunity 
may be selected from the group consisting of conducting one or more of on- 
site inspection; metering; sub-metering; utility bill analysis; and engineering 
modeling. 

[0023] The step of conducting on-site inspection may be selected from the 
group consisting of conducting one or more of: report review; visual 
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inspection; and device rating verification. The step of conducting utility bill 

analysis may further comprise conducting one or more of the steps of: ( 

analyzing samples of measured data of the energy savings from the 

residential property; analyang at least one sample of control data of 

residential energy use; analyzing raw data; analyzing data normalized by 

weather; analyzing stratified data; and analyzing data that are both stratified 

and weather-normalized. 

[0024] The step of conducting engineering modeling may further comprise 
the step of utilizing building energy software. The engineering modeling may 
be selected from the group consisting of conducHng one or more of: degree 
day analysis; bin analysis; hourly analysis; and time-step analysis. 

[0025] The step of calculating the emissions reduction may further 
comprise the step of qualifying a technical confidence factor for the energy 
savings opportunity. ^ 

[0026] The step of aggregating the emissions reductions into a fradable 
commodity may further comprise the steps of. identifying a tradable portion of 
the emissions reductions; assigning a technical confidence factor to the 
emissions reductions to quantify tiie tradable portion of the emissions 
reductions; convisrting the emissions reductions; and monetizing the 
emissions reductions. Alternatively, ttie step of aggregating tine emissions 
reductions into a fradable commodity may fijrttier comprise the steps of: 
identilying a fradable portion of the emissions reductions; assigning a 
technical confidence factor to the emissions reductions to quantify the 
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tradable portion of the emissions reductions; and converting the emissions 
reductions into a non-monetary consideration. 

[0027] The method for trading residential emissions reductions may further 
comprise the steps of: verifying the quantification of the emissions reduction; 
and monitoring the identification of the residential energy savings opportunity 
and the quantification of the emissions reduction. Altematively, the method 
may further comprise the step of verifying the quantification of the emissions 
reduction, or the method may furttier comprise flie step of monitoring ttie 
identification of tiie residential energy savings opportunity and the 
quantification of the emissions reduction. 

[0028] The step of verifying ttie quantification of the emissions reduction 
may fijrttier comprise ttie step of calculating a measured emissions reduction. 
The step of calculating the measured emissions reduction may furttier 
comprise tiie steps of. estimating a measured baseline energy use for the 
energy savings opportunity; estimating a measured baseline emissions factor 
for tiie energy savings opportunity; calculating a measured baseline emission 
by multiplying the measured baseline energy use wiUi tiie measured baseline 
emissions factor; estimating a measured program energy use for tiie energy 
savings opportunity; estimating a measured program emissions factor for tiie 
energy savings opportunity; calculating a measured program emission by 
multiplying the measured program energy use witii tiie measured program 
emissions factor; and calculating a measured emissions reduction by 
subti-acting the measured program emission from tiie measured baseline 
emission. 
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[00291 The method may also further comprise the step of comparing the 
measured emissions reduction to a forecasted emissions reduction to verify 
that the emissions reduction predicted in the forecasting phase is achieved. 
The step of comparing the measured emissions reduction to the forecasted 
emissions reduction may further comprise the step of calculating the 
forecasted emissions reduction, wherein ttie step of calculating flie forecasted 
emissions reduction comprises the steps of: estimating a forecasted baseline 
energy use for tiie energy savings opportunity; estimating a forecasted 
baseline emissions factor for tiie energy savings opportunity; calculating a 
forecasted baseline emission by multiplying ttie forecasted baseline energy 
use Witt) tfie forecasted baseline emissions facton estimating a forecasted 
program energy use for the energy savings opportunity; estimating a 
forecasted program emissions factor for tfie energy savings opportunity; 
calculating a forecasted program emission by multiplying the. forecasted 
program energy use witii ttie forecasted program emissions; and calculating a 
forecasted emissions reduction by subtracting tiie forecasted program 
emission from tiie forecasted baseline-emission. 

[0030] The step of monitoring the identification of the residential energy 
savings opportunity and the quantification of tiie emissions reduction may 
further comprise the steps oft compiling ttie quantified emissions reductions; 
and assessing ttie emissions reductions potential for a plurality of flie energy 
savings opportunities. 

[0031] According to anotiier embodiment of tiie present invention, the 
metfiod for providing a residential emissions ti^ding program comprises the 
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steps of: identilying an energy savings opportunity In a residential property; 
quantifying an emissions reduction produced by the energy savings 
opportunity; and aggregating a plurality of the emissions reductions from a 
plurality of the residential properties Into a tradable commodity. The step of 
aggregating a plurality of ttie emissions reductions may further comprise the 
step of converting the plurality of emissions reductions into at least one 
tradable credit. The method may further comprise the step of marketing ttie 
tradable commodity. 

[0032] According to this embodiment of Hie present invention, the step of 
aggregating a plurality of ihe emissions reductions may further comprise the 
step of bundling the emissions reductions. The emissions reductions may be 
bundled into an emissions pool. The step of mariceting flie tradable 
commodity may further comprise ttie step of conducting closed sales of a 
plurality of the tradable commodities. The step of marketing ttie tradable 
commodity may also furttier comprise ttie step of reserving a portion of the 
emissions reductions. 

[0033] In anotiier embodiment of ttie present invention, flie mettiod for 
providing a residential emissions trading program comprises the steps of: 
identilying an energy savings opportunity in a residential property; quantifying 
an emissions reduction produced by the energy savings opportunity; verilying 
tile quantification of the emissions reduction; monitoring the identification of 
ttie residential eneigy savings opportunities and tiie quantification of ttie 
emissions reduction; aggregating a plurality of the emissions reductions from 
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a plurality of the residential properties into a tradable commodity; and 
. marketing tfie tradable commodity. 

[0034] Applicants iiave also developed an innovative residential emissions 
trading commodity, comprising: an aggregation of emissions reductions 
produced by at least one energy savings opportunity in at least one residential 
property. The aggregation of emissions reductions may further comprise at 
least one tradable credit, or an emissions pool. Also, the aggregation of 
emissions reductions may further comprise a function of energy use and an 
emissions factor for the at least one energy savings opportunity. 

[0035] According to another embodiment, the residential emissions trading 
commodity comprises: a verified aggregation of emissions reductions 
produced by at least one energy savings opportunity in at least one residential 
property. 

[0036] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary and explanatory only, 
and are not restrictive of the invention as claimed. The accompanying 
drawings, which are incorporated herein by reference, and which constitute a 
part of this specification, illustrate certain embodiments of the invention and, 
together with the detailed description, serve to explain the principles of those 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] In order to assist the understanding of this invention, reference will 
now be made to the appended drawings, in which like relerence charactere 
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refer to like elements. The drawings are exemplary only, and should not be 
constmed as limiting the invention. 

[0038] Fig. 1 is a flow chart depleting a method of identifying, quantifying, 
aggregating, and marlceting reductions in residential emissions according to 
an embodiment of the present invention; 

[0039] Fig. 2 is a flow chart depicting a method of measuring an enei^ 
savings and calculating the emissions reductions resulting from the energy 
savings according to an embodiment of the present invention; 

[0040] Fig. 3 is a flow chart depicting a method of identifying, quantifying, 
measuring, calculating, verifying, monitoring, aggregating, marketing, and 
reserving reductions in residential emissions according to anottier 
embodiment of tiie present invention; 

[0041] Fig. 4 is a graph depicting GHG add-on sampling versus creditable 
emissions according to prior art monitoring and verification programs; 

[0042] Fig. 5 is a graph depicting baseline and program emissions witii 
emission reductions according to an embodiment of tiie present invention; 

[0043] Fig. 6 is a flow chart depicting forecasted baseline and program 
emissions according to an embodiment of tiie present invention; and 

[0044] Fig. 7 is a flow chart depicting measured baseline and program 
emissions according to an embodiment of tiie present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
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[0045] Reference will now be made to the method of the present invention, 
an example of which is shown in Fig. 1. 

IP046] Fig. 1 is a flow chart depicting an embodiment of the method for 
identifying, quantifying, and aggregating reductions in residential emissions. 
As embodied herein, the method 10 comprises the steps of Identifying a 
residential energy savings opportunity 100. quantifying an emissions 
reduction produced by the energy savings opportunity 200. and aggregating 
the emissions reductions Into a tradable commodity 300. such as, but not 
limited to, emissions reductions or emissions trading credit(s). The method 
may further comprise the step of marl^etlng the emissions trading commodity 
400. 

Identification of Energy Savings Opportunities 

10047] Step 100. identifying a residential energy savings opportunity, may 
comprise any one or more of a variety of energy efficient improvements. 
Such improvements may include, but are not limited to: replacing older 
appliances with more energy efficient appliances; upgrading domestic hot 
water (DHW) heating systems; upgrading heating, ventilation, and/or air 
conditioning (HVAC) systems; modifying lighting; fiiel switching; and 
renovating the entire home. Purchase of new homes with more energy 
efficient systems or upgrades from existing systems to more energy efficient 
ones are both contemplated by the present invention. 

[0048] The replacement of less efficient appliances Is a simple method by 
which to increase average household energy efficiency. Newer and more 
energy efficient appliances may consume less energy without sacrificing 
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performance. Energy efficient products may also provide energy-saving 
benefits by working faster, thereby using energy for less time. Appliance 
upgrades may include, but are not limited to: refrigerators; stoves and ovens; 
clothes washers and dryers; and dishwashers. 

[0049] DHW systems consume energy by heating water for showers, 
baths, and other household uses. Improvements In the DHW system of 
homes may result in substantial energy savings. For example, an oil-fired 
boiler may be replaced with a natural gas hot water heater. 

[0O5O] Residential HVAC systems maintain comfortable temperatures in 
buildings. The demands placed on a particular HVAC system may be highly 
dependent not only on the weather, but also on how well the home is 
insulated and the demands of the occupants. In geographic regions where 
the exterior environment is uncomfortable for much of the year (whether for 
heating or cooling), improvements in the HVAC system have the potential for 
substantial energy savings. 

[0051] Adequate lighting is typically preferable in living and working 
environments. Many spaces, such as hallways, may require twenty-four hour 
illumination. Lighting upgrades therefore have substantial potential to reduce 
energy consumption, especially in situations where lights are on for extended 
periods of time. Improvements in lighting efficiencies may also lead to 
reduced cooling loads because inefficient lights cause electrical energy to be 
converted to heat instead of light 

[0052] Fuel switching may include changing from a more-polluting to a 
less-polluting fuel. Most combustible fuels, while producing energy, result in a 
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range of air pollutants. Although increasing the efficiency of the device , or 
system involved can reduce this pollution to some degree, changing to a 
"cleaner" fuel may be advantageous to reduce emissions. Fuel switching 
improvements may include, but are not limited to, maintaining use of a 
spedfic fuel (e.g., sv\/itching from coal with a high sulfur content to coal with a 
low sulfur content) or switching to a different ftjel type (e.g., switching Irom 
fuel oil to natural gas). Other cleaner fuel sources may include, but are not 
limited to, solar, heat pump, geothermal, and methane. Fuel switching 
changes the emission factors for the device and may also result in a greater 
operating efficiency, because maintenance may be done on the device while 
doing the fuel conversion. . 

[0053] Whole home upgrades may increase home insulation and decrease 
both infiltration of outside air (cold air in winter and hot air in summer) and 
leakage of Inside air (wami air in winter and cool air in summer). Such 
renovations may include, but are not limited to: installing Insulation in attics 
and exterior walls; installing more efficient windows; and reducing infiltration. 
Whole home energy consumption is heavily dependent on the exterior 
environment and it may be, therefore, advantageous to honnalisB the result 
using a weather index for the local environment, when possible. 

[0054] Other energy efficient upgrades or improvements are considered to 
be within the scope of the present invention. 

Quantification 

[0055] The step of quantifying the emissions reducHon produced by an 
energy savings opportunity 200 may further comprise the steps of measuring 
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the energy savings resulting from the energy savings opportunity 201 and 
calculating the emissions reduction resulting from the energy savings 202, as 
shown in Fig. 2. Emissions reductions may be calculated on a per house 
basis. In an embodiment of the present invention, this quantification process 
is a step by step approach for tiie measurement, monitoring, and verification 
(M&V) of energy efficiency programs. An embodiment may be designed to 
address the needs of the different participants of an emissions trading 
initiative (ETI). It is anticipated as demand for tradable emissions increases In 
the marketplace (and the value of tradable emissions increases), that a more 
rigid (or less flexible) approach to M&V may be warranted. As shown in Fig. 
4, the sampling Tigor in existing programs has a direct correlation to the 
amount of creditable emissions that are generated (in this example, for a 
GHG program). 

[0056] An embodiment of the present invention may further provide 
credible monitoring 600 and verification 500 procedures for various potential 
energy efficiency programs, as shown in Fig. 3, in order to: 

• Define a common M&V language to be used by participants in 
an ETI; 

• Define a range of acceptable metiiods for quantifying energy 
savings and emissions reductions; 

• Define acceptable methodology for deriving emissions 
reductions from energy savings; 

• Give guidance to programs that are starting to develop tiieir own 
protocols; 
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• Evaluate the technical rigor of existing M&V techniques for 
energy savings and emissions reductions and determine technical 
confidence factors for calculating tradable emissions reductions; 
and 

• Explain the relationship between technical rigor and economic 
feasibility of existing and planned M&V protocols. 

[0057] Embodiments of the present invention may comprise an M&V 
protocol for participants in an ETI, including but not limited to: ETI partners; 
ETI administration staff; tfiird party auditors; and ETI investors. 

[0058] In an embodiment of ttie present invention, ttie M&V protocol may 
focus on flie specification of measurement protocols tfiat are to be 
implemented by partners in an ETI. It may also include monitoring protocols 
tiiat may be implemented by ETI administi-ation staff, and verification 
protocols ttiat may be implemented by tiiird party auditors. A purpose of ttie 
monitoring protocol may be to compile and manage data collected by ETI 
partners. The verification protocol may act as a quality assurance mechanism 
on data submitted by utilities (for ttie benefit of ETI investor). Additional, 
fewer, or different participants in an ETI are considered well wltfiin flie scope 
of the present invention. 

[0059] A responsibility of ETI partners may be to cany out measurement of 
emissions reductions from qualifying energy efficiency programs or 
improvements.. .A rAspp.n$ibl% of ETL^^a 

collection and management A responsibility of third party auditors may be 
quality assurance and quality control (on data supplied by partners) for 
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investors. A responsibility of ETI investors may be to provide a source of 
funding for an ETI. 

[0060] As embodied herein, IW&V may be modified for several types of 
projects aimed at improving energy efficiency in residential buildings. 
Embodiments of the present invention may comprise a sequence of steps that 
are typically followed in establishing estimated savings and verifying the 
actual savings from any given energy efficiency project: 

1 . Estimation (measuring) and verification of energy savings; 
2 Quantifying emissions reductions; 

3. Assignment of tradable emissions reductions; and 

4, Provisions for entering Into credit markets. 
Estimation and Verification of Energy Savings 

[0061] An initial estimate of the energy savings to be achieved from the 
implementation of a particular energy efficiency measure or project may be 
calculated based on an assessment of the difference between: 

• The baseline energy use; and 

• The post-implementation or measured energy use. 

[0062] Baseline forecasts may be constructed from historical records of 
energy consumption and use. When historical infomriation is not available, or 
alternatively, field monitoring may be utilized. Post-implementation energy 
use may be measured or may be estimated through engineering calculations 
or deemed savings estimates. Deemed savings estimates may be used for 
energy efficient technologies that are well-understood (e.g., many electric 
appliances). For these technologies, there is general agreement in the field of 
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art on the energy use and savings that can be achieved. After instaliatlon of 
the measures, the baseline energy use and post-implementation energy use 
may be verified through field monitoring or deemed savings estimates. Net 
energy savings may be calculated by subtracting the post-lmplementa«on 
energy consumption from the baseline energy consumption. In cases where 
the energy consumption is highly dependent on external variables (such as an 
HVAC system's dependence on weather), the energy consumption may be 
normalized for such variables. 

Verifying Emissions Reductions 

[0063] The method of the present invention may further comprise a step to 
verily the quantification of the emissions reduction 500. Baseline emissions 
and emissions reducHons that result from the implementation of a project may 
be calculated from energy consumption and savings data. The translation 
from energy use/savings to emissions/reductions may be based on emissions 
factors appropriate to the device and fuel source (i.e., gas, oil, electric) being 
examined. In accordance vwth an embodiment of the present invention, a 
methodology may be used to determine emissions factors based on EPA's 
"Compilation of Air Pollutant Emission Factors" (frequently refen-ed to as "AP- 
42"). which is incorporated herein by reference. Once the energy 
consumption has been calculated for the baseline and upgrade scenarios, the 
emissions factor database may be used to calculate emissions reductions of 
the program. 

— -• Calculating Emissions Reductions - : - ,. ... 
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[0064] An ETI of the present invention Is intended to create a marl<etplace 
for the trading of residential emissions reductions that result from energy 
efficiency programs. Energy efficiency programs may reduce household 
energy consumption through the implementation of more efficient 
technologies or the maintenance of existing devices within the home. 

[0065] To calculate emissions reductions from an energy efficiency 
program, the baseline energy use and resulting emissions may be calculated. 
Baseline emissions are those emissions that would have occurred if the 
energy efficiency program had not been undertaken, or if the status quo had 
not been altered by the energy efficiency program. This baseline may not be 
constant over time because changes in occupant behavior, and/or weather 
may affect baseline energy use and emissions. 

[0066] Once the baseline emissions have been calculated, program 
emissions may be calculated. Program emissions are those emissions that 
occur after the enei^y efficiency program has been installed or completed. 
Program emissions may also change in time due to tfie effects of occupant 
behavior or weatiier. 

[0067] After the baseline emissions and the program emissions have been 
calculated, the emissions reductions may be calculated as tiie difference 
between the baseline and tiie program emissions. The emissions reduction, 
shown in Fig. 5, is the amount of emissions tiiat are avoided due to the 
energy efficiency program. 

Assigning Tradable Emissions Reductions 
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[0068] As embodied herein, tfiere are several general approaches that can 
be used to measure energy savings and the resulting emissions reductions. 
Depending on the measurement method used, the reliability of the resulting 
emissions reduction assessment will vary. For example, the impacts of some 
energy efficiency programs are evaluated using random on-site inspections, 
while other energy efficiency programs are evaluated using detailed sub- 
metering. The sub-metering approach to M&V provides a much more reliable 
assessment of the energy savings (and resulting emissions reductions) than 
the random inspection approach. 

[0069] For an ETI of the present invention, it may be advantageous to 
develop a reliable assessment of the emissions reductions that are to be 
traded. Rather than mandating a specific rigorous M&V protocol that ensures 
a fixed quantity of emissions reductions, an embodiment of the M&V protocol 
of the present invention allows for the use of one of several optional 
approaches to M&V. Each of these optional M&V approaches may be 
assigned a "technical confidence factor" (TCF). This factor effectively 
discounts the emissions reduction quantified, based on the level of rigor of the 
M&V approach used. Thus, not all of the calculated emissions reductions 
may be offered for sale or trade in step 400, due to the uncertainty inherent in 
the calculation of both energy savings and emissions reductions. A certain 
amount of the calculated emissions reductions may be kept in reserve, step 
401 , while the rest is offered for sale or trade. 

M&V Phases 
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[0070] The method of the present invention may further comprise step 600, 
monitoring the residential energy savings opportunities and the quantification 
of the emissions reductions. In the early stages of a program, it may be 
desired to predict emissions reductions years into the future. This may 
necessitate a number of assumptions about energy consumption and 
emissions factors. This forecasting phase is outlined in Rg. 6. 

[0071] Once the program has been implemented, actual energy 
consumption and emissions factors may be measured, thereby allowing 
estimates of tine actual emissions reductions. This measurement phase 201 
is shown in Rg. 7. 

[0072] The calculations and estimates undertaken in the measurement 
phase may be used to verily that flie emissions reductions predicted in tiie 
forecasting phase are achieved. This verification process 500 gives the 
emissions reduction purchaser confirmation ttiat tiie reductions are genuine. 
Consequentiy, tiiis process may ensure tiiat flie emissions reductions gamer 
a reasonable price in any marketplace. 

[0073] Energy savings may be initially calculated from analysis of historical 
energy consumption and modeling of future consumption. These calculations 
will have a degree of uncertainty and may be verified after the program has 
been in place for a lengtii of time, tiiereby allowing actual consumption to be 
measured, such as from utility bills or metering devices. 

[0074] For each energy savings opportunity or energy efficiency program, 
tiie energy consumption with tile energy efficiency program may be 
subti-acted from tiie energy consumption without flie energy efficiency 
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program, giving the energy savings from the program. Energy consumption 
may be calculated from a number of measurable variables and their 
associated measurement techniques. 

[0075] As embodied herein, the present invention contemplates quantifying 
the following aspects of a given energy efficiency (or emissions reduction) 
project 

1. The annual energy use in the baseline home (without 
upgrades) for each year in the life of the program; 

2. The annual energy use in the upgraded home (with 
installed energy efficiency measures) for each year in the life of 
the program; 

3. The appropriate emissions factors for the energy 
consumed for each year in the life of the program; 

4. The total emissions reductions from the program; and 
5; The tradable portion ofthese emissions reductions. 

[0076] For each type of energy efficiency program, specific data types and 
analytical procedures may be identified. ET! partners may be responsible for 
data collection (/.e.. measurement) for their energy efficiency programs. 
Using data provided by the partners and an M&V procedure, the data may be 
compiled and used to assess the emissions reductions potential for each 
energy efficiency program participating in an ETI. 

[0077] In the step of calculating the emissions reduction 202 for a 
particular energy efficiency program, project or opportunity, first a forecasted 
baseline energy use and a forecasted baseline emissions factor for the 
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energy savings opportunity may be estimated. A forecasted baseline 
emission may be calculated by multiplying the forecasted baseline energy use 
with the forecasted baseline emissions factor. After the baseline calculation, 
a forecasted program energy use and a forecasted program emissions factor 
for the energy savings opportunity may be estimated. A forecasted program 
emission is calculated by multiplying the forecasted program energy use with 
the forecasted program emissions factor. Finally, a forecasted emissions 
reduction for a particular energy efficiency program, project or opportunity 
may be calculated by subtracting the forecasted program emission from the 
forecasted baseline emission. 

[0078] In the step of verifying the quantification of the emissions reduction 
500 for a particular energy efficiency program, project, or opportunity, a 
measured baseline energy use and a measured baseline emissions factor for 
the energy savings opportunity may be estimated. A measured baseline 
emission may be calculated by multiplying the measured baseline energy use 
with the measured baseline emissions factor. Then, a measured program 
energy use and a measured program emissions factor for the energy savings 
opportunity may be estimated. A measured program emission may then be 
calculated by multiplying the measured program energy use with the 
measured program emissions factor. A measured emissions reduction is 
calculated by subtracting the measured program emission from the measured 
baseline femission. To complete the verification step, the forecasted 
emissions reduction may be compared with the measured emissions 
reduction. This comparison permits the quantification of a TCF for the 
particular energy efficiency program, project, or energy savings opportunity. 
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[0079] In the step of aggregating the emissions reductions Into a tradable 
commodity 300, the estimated emissions from all of the programs offered by 
the partners may be combined into a single emissions pool. Only a portion of 
this aggregate pool may be offered for trade. Third party auditors may also 
periodically review the utility data collection procedures (/.a, perfonn 
verification). 

[0080] A variety of aggregation methods may be used in embodiments of 
the present invention. For example, the aggregation may be a simple pooling 
mechanism with no guarantee; a guaranteed pooling mechanism; an 
investment fund; or any otiier appropriate aggregation technique, 

[0081] The level of assumed risk and the level of buyer acceptance in the 
market differ in the pooling options. In an embodiment with a guaranteed 
pooling mechanism, to the extent that third parties assume a portion of the 
risk, this would tend to support the value of the credits. Thus, the more risk 
that is assumed, the more improved may be the products maricet acceptance 
and the better the market perception of the initiative. 

[0082] Another distinction between the pooling options is the level of due 
diligence required to complete the transaction. If the program administrator 
stands behind its technical specifications, and guarantees delivery of 
reductions according to those specifications, the buyer's due diligence may be 
limited to accepting the M&V protocols for the pool. If flie program 

administrator does not guarantee delivery, every component of every, offering _ „ „ 

may need to be fully disclosed, and tiie M&V protocols potentially may have to 
be re-negotiated , for every offering. Under a guaranteed pool option, flie 
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commodity may have a much better chance of becoming a unifonn product 
offering. 

[0083] Further, greater discretion may be available through a guaranteed 
pool or an investment fund. The supply risk, performance risk, regulatory risk, 
and market acceptance may be smoothed out through these two Instmments 
but typically not in the simple pooling mechanism. 

[0084] Another distinction between the aggregation methods is the speed 
at which these options can be executed. An unsecured pool may be delivered 
quickly. An investment fund may take longer to structure. 

[0085] In the step of aggregating the emissions reductions into a tradable 
commodity 300, the tradable portion of the emissions pool may be 
determined, based on the measurement methods used by each partner. 
Instead of mandating a specific measurement protocol, a TCF may be 
assigned to each measurement method to be used by each paritner. A 
purpose of TCFs is to quantify the portion of the "measured" emissions 
reductions that are "tradable." For example, consider two utility programs that 
promote the installation of high efficiency air-conditioners. Each generates 
1,000 tons of GHG emissions reductions. One utility chooses to use an 
engineering calculation approach to the evaluation of its programs (vw'th a 
TCF of 0.6). thus yielding 600 tons of tradable emissions. The other utility 
chooses to use a sub-metering approach to the evaluation of its programs 
(with a TCF of 0.8), yielding 800 tons of tradable emissions. 

[0086] The step of aggregating the emissions reductions into a tradable 
commodity 300 may further comprise monetizing the emissions reductions, or 
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converting the emissions reductions to another form of consideration. The 
tradable commodity may comprise emissions reductions, credit(s), or any 
other suitable commodity. In the step of marketing the emissions commodity 
400, the "rights" to the emissions commodity resulting from the energy 
savings may be exchanged for a pro-rata share of the net revenues from the 
sale of the emissions commodity. The emissions commodity may be sold by 
an emissions credit broker to domestic and international emissions markets. 
The net proceeds may be distributed to the utility participants. As 
contemplated by the present invention, the emissions commodity may also be 
transferred in closed sales. 

[0087] As an example of an embodiment of the present invention, a 
municipal utility becomes a partner in an ETI. The municipal utility provides 
builders with a $500 rebate in the utility hook-up fee per energy efficient 
home. Over the course of a year, the utility provides rebates to 1,000 homes, 
resulting in a reduction of 3 million tons of GHG each year for ihe next 10 
years. The utility assigns flie emissions credits, and the credits are 
aggregated with additional credits and are brought to maricet as a pool. After 
administrative costs are deducted, a prorated share of tiie proceeds is 
returned to tine utility. The utility in turn may reinvest tiie funds in future 
demand side management programs. This example of an embodiment of the 
present invention is exemplary and illustrative only and is not intended to limit 
tiie Invention as claimed to any particular embodiment or combination of 
embodiments. — — „ . 
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[0088] The present invention is also directed to a residential emissions 
trading commodity. The commodity may be defined by the method steps 
described above. The trading commodity may comprise an aggregation of 
emissions reductions produced by one or more energy savings opportunities 
In one or more residential properties. Alternatively, verification processes 
described above may be employed to create a commodity that is a verified 
aggregation of emissions reductions. 

[0089] It will be apparent to those skilled in the art that various 
modifications and variations can be made in the construction, configuration, 
steps, and/or operation of the present invention without departing from the 
scope or spirit of the invention. The steps of tiie metiiod may be performed in 
an order other than tiiat described. Alternative M&V protocols could be used, 
provided tiie ti-adable commodities remained sufficientiy reliable to be 
marketable. 

[0090] On-site inspection, metering, sub-metering, or utility bill analysis or 
a combination ttiereof may be used to assess the energy savings. On-site 
inspection may include report review, visual inspection, and device rating 
verification. Utility bill analysis may comprise analyzing: samples of 
measured data of the energy savings from the residential properties; samples 
of contirol data of residential energy use; raw data; data normalized by 
weather; stratified data; data that are botti stratified and weattier-normalized; 
or any combination tiiereof. 

[0091] Additional measuring methodologies may include engineering 
modeling or engineering calculations to assess the energy savings. 
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Engineering modeling may be performed on a computer using building energy 
software. Engineering modeling may use degree day analysis, such as 
heating degree day analysis, bin analysis, hourly analysis, time-step analysis, 
or any other appropriate modeling means. 

[0092] The present invention contemplates participation in existing, new 
source review, open market, and area source emissions trading markets 
where other pollutants such as NOx, VOC. SOx, PM, and CO and CO2 
emissions reductions are traded. Further, a four pollutants - NO2, SOx, CO2 
and mercury - approach to emissions regulation is currentiy under 
consideration in legislative arenas. It is expressly contemplated fliat these - 
and otiier pollutants yet io be determined - are witiiin the scope of the 
present invention. 

[0093] In addition, some or all of tiie metinod steps may be implemented 
via data processing means in an embodiment of the present invention. In 
particular, a system for residential emissions trading may comprise client 
device(s) for inputting data relating to energy savings opportunities in 
residential properties. Client device(s) may comprise, but are not limited to, 
one or more computers or any otiier suitable hardware device, aient 
device(s) may communicate with one or more servers via a network, such as, 
but not limited to, flie Internet One or more databases may reside on 
sen/er{s) for storing inputted data. Data stored on database(s) may be 
processed for quantifying and aggregating emissions reductions produced by 
tiie energy savings opportunities. Software contained on database(s) may 
comprise program instructions for canrying out the various calculations. Thus, 



Doc. 605222A/creion 4 



30 



wo 03/058386 PCT/US02/40371 

it Is intended that the present invention cover the modifications and variations 
of the invention, provided they come within the scope of the appended claims 
and their equivalents! 
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WHAT IS CLAIMED IS: 

1. A method for providing a residential emissions trading program, 
comprising the steps of: 

identiiying an energy savings opportunity in a residential property; 
quantifying an emissions reduction produced by the energy savings 
opportunity; and 

aggregating the emissions reductions into a tradable commodity. 

2. The method according to Claim 1, wherein the step of aggregating the 
emissions reductions into a tradable commodity further comprises the step of 
converting the emissions reductions into at least one tradable credit 

3. The method according to Claim 1, wherein the step of quantifying an 
emissions reduction produced by the energy savings opportunity further 
comprises the steps of: 

measuring an energy savings resulting from the energy savings opportunity; 
and 

calculating an emissions reduction resulting from the energy savings. 

4. The method according to Claim 3, wherein the step of measuring an 
energy savings resulting from the energy savings opportunity is selected from 
the group consisting of conducting one or more of: on-site inspection; 
metering; sub-metering; utility bill analysis; and engineering modeling. 



Doc 60S222A^ersion 4 



32 



wo 03/058386 PCTAJS02/40371 

5. The method according to Claim 4, wherein the step of conducting on- 
site inspection is selected from the group consisting of conducting one or 
more of: report review; visual inspection; and device rating verification. 

6. The method according to Claim 4, wherein the step of conducting utility 
bill analysis liirther comprises conducting one or more of the steps of: 
analyzing samples of measured data of the energy savings from ttie 
residential property; 

analyzing at least one sample of control data of residential energy use; 
analyzing raw data; 

analyzing data normalized by weather; 
analyzing sti^tified data; and 

analyzing data that are botii sti^tified and weattier-nomialized. • 

7. The method according to Claim 4, wherein tiie step of conducting 
engineering modeling further comprises the step of utilizing building energy 
software. 

8. The metiiod according to Claim 4, wherein tiie engineering modeling is 
selected from the group consisting of conducting one or more of: degree day 
analysis; bin analysis; houriy analysis; and time-step analysis. 

9. The method according to Claim 3, wherein tiie step of calculating the 
emissions reduction further comprises tine step of qualifying a technical 
confidence fector for tiie energy savings opportunity. 
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10. The method according to Claim 1, wherein the step of aggregating the 
emissions reductions into at least one tradable commodity further comprises 
the steps of: 

identitying a tradable portion of the emissions reductions; 

assigning a technical confidence factor to the emissions reductions to quantify 

the tradable portion of the emissions reductions; 

converting the emissions reductions; and 

monetizing the emissions reductions. 

11. The metiiod according to Claim 1, wherein flie step of aggregating tiie 
emissions reductions into at least one tradable commodity further comprises 
the steps of: 

identifying a tradable portion of the emissions reductions; 

assigning a technical confidence factor to the emissions reductions to quantify 

the tradable portion of the emissions reductions; and 

converting tine emissions reductions into a non-monetary consideration. 

1 2. The mefliod according to Claim 1 , further comprising tine steps of: 
verifying tiie quantification of the emissions reduction; and 

monitoring tiie identification of tiie residential energy savings opportunity and 
the quantification of the emissions reduction. 

13. The mefliod according to Claim 1. further comprising \he step of 
verifying tiie quantification of tiie emissions reduction. 
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14. The method according to Claim 1. further comprising the step of 
monitoring the identification of the residential energy savings opportunity and 
the quantification of the emissions reduction. 

15. The metiiod according to Claim 12, wherein tiie step of verifying the 
quantification of the emissions reduction furtiier comprises tiie step of 
calculating a measured emissions reduction. 

16. The method according to Claim 15, wherein tiie step of calculating ttie 
measured emissions reduction further comprises ttie steps of: 

estimating a measured baseline energy use for tiie. energy savin9s 
opporitunity; 

estimating a measured baseline emissions factor for flie energy savings 
opportunity; 

calculating a measured baseline emission by multiplying the measured 
baseline energy use witii the measured baseline emissions iBctor; 
estimating a measured program energy use for tiie energy savings 
opportunity; 

estimating a measured program emissions factor for tiie energy savings 
opportunity; 

calculating a measured program emission by multiplying the measured 
program energy use with tiie measured program emissions factor; and 
calculating a measured emissions reduction by subtracting the measured 
program emission from tiie measured baseline emission. 
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. 17. The method according to Claim 15, further comprising the step of 
comparing the measured emissions reduction to a forecasted emissions 
reduction to Verify that the emissions reduction predicted in the forecasting 
phase is achieved. 

18. The method according to Claim 17, wherein the step of comparing the 
measured emissions reduction to the forecasted emissions reduction further 
comprises the step of calculating ttie forecasted emissions reduction, wherein 
the step of calculating the forecasted emissions reduction comprises the steps 
of: 

estimating a forecasted baseline energy use for the energy savings 
opportunity; 

estimating a forecasted baseline emissions factor for the energy savings 
opportunity; 

calculating a forecasted baseline emission by multiplying the forecasted 
baseline energy use with the forecasted baseline emissions factor, 
estimating a forecasted program energy use for the energy savings 
opportunity; 

estimating a forecasted program emissions factor for the energy savings 
opportunity; 

calculating a forecasted program emission by multiplying the forecasted 
program energy use with the forecasted program emissions; and 
calculating a forecasted emissions reduction by subtracting the forecasted 
program emission from the forecasted baseline emission. 
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19. The meltiod accx)rding to Claim 12, \A4ierein IJie step 
identification of the residential energy savings opportunity and the 
quantification of the emissions reduction further comprises the steps of; 
compiling the quantified emissions reductions; and 

assessing the emissions reductions potential for a plurality of the energy 
savings opportunities. 

20. A method for providing a residential emissions trading program, 
comprising the steps of: 

identifying an energy savings opportunity in a residential property; 
quantifying an emissions reduction produced by the energy savings 
opportunity; and 

aggregating a plurality of the emissions reductions from a plurality of the 
residential properties into a tradable commodity, 

21. The method according to Claim 20, wherein the step of aggregating a 
plurality of the emissions reductions further comprises the step of converting 
the plurality of the emissions reductions into at least one tradable credit 

22. The method according to Claim 20, further comprising the step of 
mariceting the tradable commodity. 

23. The method according to Claim 20, wherein the step of aggregating a 
plurality of tiie emissions reductions further comprises the step of bundling the 
emissions reductions- 
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24. The method according to Claim 23, wherein the emissions reductions 
are bundled into an emissions pool. 

25. The method according to Claim 22, wherein the step of marketing the 
tradable commodity further comprises the step of conducting closed sales of a 
plurality of the tradable commodities. 

26. The method according to Claim 22. wherein the step pf marketing the 
tradable commodity further comprises the step of reserving a portion of the 
emissions reductions. 

27. A method for providing a residential emissions trading program, 
comprising the steps of: 

identifying an energy savings opportunity in a residential property; 
quantifying an emissions reduction produced by the energy savings 
opportunity; 

verifying the quantification of the emissions reduction; 

monitoring the identification of the residential energy savings opportunities 

and the quantification of the emissions reduction; 

aggregating a plurality of the emissions reductions from a plurality of the 
residential properties into a tradable commodity; and 
marketing the tradable commodity. 
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28. A residential emissions trading commodity, comprising: an aggregation 
of emissions reductions produced by at least one energy savings opportunity 
in at least one residential property. 

29. Tfie residential emissions trading commodity according to Claim 28, 
wherein said aggregation of emissions reductions further comprises at least 
one tradable credit. 

30. The residential emissions trading commodity according to Claim 28, 
wherein said aggregation of emissions reductions further comprises an 
emissions pool. 

31. The residential emissions trading commodity according to Claim 28. 
wherein said aggregation of emissions reductions further comprises a function 
of energy use and an emissions factor for the at least one energy savings 
opportunity. 

32. A residential emissions trading commodity, comprising: a verified 
aggregation of emissions reductions produced by at least one energy savings 
opportunity in at least one residential property. 

33. A system for residential emissions trading, comprising: 

one or more client devices for inputting data relating to one or more energy 
savings opportunities in one or more residential properties; 
one or more servers, which communicate with the one or more client 
devices via a network; 



Doc 60S222A^ei8ion 4 



39 



wo 03/058386 PCT/US02/40371 

one or more databases residing on the one or more servers for storing the 
inputted data; and 

means for processing the inputted data to quantify an emissions reduction 
produced by the one or more energy savings opportunities and aggregate 
the emissions reduction into a tradable commodity. 
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